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| nt roducti on

Transm ssi bl e spongi f orm encephal opat hy (TSE) di seases are fatal
illnesses for which there is no cure or treatnent. Individuals

i ncubating TSE can transmt infectivity by blood transfusion. Four
human-t o- human transm ssions of variant Creutzfeldt-Jakob disease
were reported in the United Kingdom2 TSE infectivity in blood was
al so denonstrated in natural and experinental animal nodels such
hanst er®*, mouse® and sheep®. A TSE diagnostic will greatly inprove
the safety of the bl ood supply.

G eat efforts have been directed towards the devel opnment of a pre-
nortem preclinical diagnostic test using blood. The | andscape of
the TSE di agnostics is ever changing, at the present tinme there are
three assays that are gaining nonentum the Prionics test with a
PrP'®s specific nonocl onal antibody 15B3’, the Anorfix assay® and the
Soto’'s assay wth the protein msfolding cyclic anplification
(PMCA) net hod®. The first two assays are capable of detecting brain
PrP'® spiked in plasma at the sane concentration as those estimated
to be present in endogenous infected plasma. No human infected

bl ood was assayed. The PMCA assay showed anplification of PrpP®®
from human and ani mal bl ood. However, PMCA as a di agnostic assay
has come under scrutiny and questioning after the | atest report

t hat 5{Pws signal (and infectivity) can be created from normal PrP°
al one™".

We have been devel oping a prototype assay for TSE infection using
hansters infected with the 263K stain of scrapie. In our current
assay platform the target test material is plasma and the protein
to be detected is PrP®, the biochem cal marker for TSE infections.
We showed that the assay is capable of detecting abnormal PrP from
brain spiked in plasma. In the first attenpt to detect PrPres in

pl asma, no signal was observed after PK. These results highlighted
the need to optim ze the PK digestion step. This report will focus
on the approach we applied to this task.

We al so obtained the only quantitative neasurenents of the titer of
infectivity in excreted urine. Three studies were published on TSE
infectivity in urine. One study from Gabi zon’ s | aboratory showed
trace anmounts of urinary infectivity in the 236K hamster strain®.
The second report was from Aguzzi’s |lab and indicated that only
mce with kidney infection and scrapie excreted infectivity in
urine. Mce infected with scrapie alone did not have infectivity in
their urine' The third study was in deer infected with chronic
wasting di sease and showed no infectivity in urine and feces

i nocul ated together in 3 deer®®. The results fromour studies were
presented at the Prion2006 neeting and elicited strong interest
especially on the part of the nedical products regulators in
Europe. This report will also describe the current status of the
urine studies.



Body

In this report as in all previous ones, the specific ains nunbering
was nodified to reflect the elimnation of the first specific aim
fromthe original proposal.

Specific aim1l — Task 1

Uine fromclinically infected hansters and age mat ched

uni nocul ated control aninmals was collected in netabolic cages.
Clinical and control urine pools were titered using the limting
dilution titration nmethod into weanling hansters. This protocol was
described in the previous report. In brief, we inocul ated
approximately 5 m aliquot of the clinical urine pool diluted 1:3

di stributed 50 pyl per animals into 300 hansters. Eight aninmals died
shortly post inoculation |eaving 292 aninmals in the study.
Simlarly, 2 m aliquot of the urine pool fromcontrol aninmls was
i nocul ated undiluted into 40 hanmsters. I|nocul ati ons were conduct ed
intracerebrally with the ani mals under deep anest hesi a.

After 559 days post inoculation all aninmals still alive were

eut hani zed and the brain was renoved for detection of the
infection-specific PK-resistant PrP'®® by DELFIA Al clinically
scrapie positive aninmals and those aninmals that died of
intercurrent illnesses during the study were anal yzed by Wstern
bl ot of the brain tissue for the presence of PrP'®®. There were
six animals for which the Western bl ot could not be resol ved

ei ther because the PrP'®® signal was very weak or because it was
not reproduci ble. W inocul ated the brain honogenate of these
animals into other hansters (2 animals per case) to nake the
final determ nation of the disease status of these animals. The
results will be known in three nmonths. Thus the final total
nunber of infected aninmals may vary slightly fromthat in Table
1. Table 1 sunmarizes the results for this study notw t hstandi ng
the 6 animals still pending. Ei ghteen animals inoculated wth
urine fromscrapie infected hansters devel oped the di sease. The
urine infectivity titer measured with the Poisson distribution
was 3.8 + 0.9 1D/ %

We observed one infected animal in the cohort inoculated with
normal urine (425 days post inoculation). Following a review of the
procedures, we concluded that the nost |ikely cause of this
contam nation was a technical error at the tinme when the urine pools
were prepared. Two consi derations shoul d be enphasi zed: 1) Urine of
control uninocul ated animals was not infectious. The control animals
did not display scrapie signs and their brains were negative for
PrP'®®. 2) The BSL-3 facility environnent is not contam nated. W
take extrene care to strictly adhere to the decontam nati on
procedures as denonstrated in many studies in which hundreds of



animals were inoculated wth sanples that produced no infections for
t he whol e duration of the study (> 540 days). These observations
suggest that the single case of transmission in the control urine
originated not fromthe environment or the experinental procedure
but fromthe urine sanple that was accidentally contam nated after
col l ecti on.

Table 1
SanT” € Vol une Tot al infected titer
Urine from i nocul at ed dilution ani nal s animals (1D m) SD
I nf ect ed
hanst er s 4.87 3 292 18 3.8 0.9
uni nocul at ed > 1 40 1 ) i

hanmst er s

Ki dney and Bl adder titrations

W also titered bl adder and kidney tissues frominfected ani mal s.
Tabl e 2 shows the results of these titrations. The study was

term nated at 462 days post inoculation. Al animals’ clinica
scores have been confirnmed by Western blot of the brain tissue. The
titers calculated with the Reed and Miench met hod'* were 10°%°%-°

i nfectious dosessy (I Dsg) per g of bladder and 10%°%* | D5, per g of
kidney. This is the first report of bladder titration and also of a
quantitative neasurenent of the kidney infectivity titer.

Table 2
Dilution Bl adder Ki dney
Tot /| nf ect Tot /| nf ect

10% (10°%) 19/ 19 4/ 4
1:2 8/ 8 20/ 20
1:5 8/ 8 8/ 8

1:10 (10?2 4]/ 4 8/8
103 4/ 4 4/ 3
10°% 4/ 2 4/ 1
10°° 4/ 1 4/ 0
10°° 4/0 4/0

The inplications of finding infectivity in urine are several and
span di fferent aspects of TSE di seases. In the context of a



di agnostic assay urine is a desirable test naterial because of it
can easily obtained in relatively |arge quantities. Furthernore,
the titer of infectivity inurineis simlar to that of plasm
suggesting that also PrP'®® concentration may be the sane; however,
the concentration of protein in urine is about 1000-fold |l ess than
that in plasnma thus making urine a nore suitable test material for
di agnosti c.

Titration of urine frompre-clinical aninals

Following the results of the clinical urine titration, we decided
to titer urine collected at the pre-clinical stage of the scrapie
infection. At the tinme we started this study we did not consider
the issue that the infectivity titer in urine is affected by the
vol une of urine produced in a given tinme. The titration with the
standard 5 m of urine inoculated into 100 animals is still on
goi ng but so far (520 days post inoculation) no animals has

devel oped scrapi e suggesting that pre-clinical urine is not
infectious. This result is unexpected as we anticipated that
infectivity in urine as in blood will be present at early
incubation times. It is likely that infectivity is belowthe Iimt
of detection of the bioassay because at pre-clinical stage aninals
are not dehydrated and the infectivity in urine is diluted in a

| arge vol unme conpared to the clinical urine. Therefore, we would
like to repeat the study after a method of urine infectivity
concentration is devel oped.

Specific aim2 — Task 2

As indicated in our previous report, we have devel oped a PrP
detection systemthat uses the ORI GEN technol ogy (the instrunent is
produced by BioVeris, Gaithersburg, MD) to nmeasure PrP in brain and
pl asma of scrapie infected animals. W have al ready di scussed these
results and their inplications for a TSE bl ood-based di agnosti cs.
This task of the proposal has been conpl et ed.

We practically have dropped the collaboration with Biotraces as the
conpany was not able to provide us with an inproved version of
their instrunent. Although the clainmed sensitivity was reproduced
in studies conducted at BioTraces with reconbinant PrP. The
guestion was whet her the sane sensitivity could be obtained with
PrP frominfected hanster plasma or even brain. This issue was
never resolved. W have recently obtained perm ssion fromthe US
Arny Medi cal Research and Material Command to redirect the finding
all ocated to the BioTrace’'s collaboration to continue our studies
with urine and PK digestion of plasna.

The issue tackled in the past year was that of incorporation of PK
into the assay. As indicated above we attenpted to detect PrP®® in



hanmster infected plasma w thout success. One of the problens is
that the PK digestion was not optinmized and therefore it was not
possi bl e to know whet her PrP'®® detection failed because of
insufficient assay sensitivity or because PK had renoved/reduced
PrP'®. To answer these questions we design the study described in
Specific aim3 tasks 1 and 4.

Specific aim3 — Tasks 2 and 3

Several issues needed to be addressed before the PK digestion of
hanst er plasma study could be started. W resolved each issue and
the followng is a sunmary of our concl usions.

SDS in PK digestion: Early pilot studies using normal and scrapie
brain spikes in plasma indicated that 0.5% 1% SDS was necessary to
remove PrP° to below the limt of detection of the assay. This

requi renent represented a technical problemfor the assay and the
bi oassay. W di scovered that SDS was needed only with brain PrP°
and not normal plasma PrP°.

PK concentration for plasma PrP° digestion: Once the SDS was
removed fromthe plasma PK digestion, a new optim zation of PK
concentration was necessary. These studies reveal ed that high PK
concentration (>50 ug/m) was required for PrP° degradation

| nactivation of PK before bioassay: The final goal of these studies
was to inoculate the PK-treated plasma and neasure the infectivity
titer. Therefore, the issue of conpatibility of the PK-treated

pl asma sanples with the bioassay needed to be addressed. Typically,
PK reaction is stopped with PK inhibitors PMSF or pefabloc. Early
toxicity studies indicated that both reagents were highly toxic and
that the animals tolerated significantly | ower concentrations of
these inhibitors than it was needed to effectively inhibit PK. This
was a difficult problemsince active PK, we thought, would al so be
toxic to the animals and active PK could be a problemduring the

bi ochem cal assay for PrP° detection (see below). After many tests
and toxicity experinments, we concluded that the best option was not
to add PK inhibitor in the sanple prepared for the bioassay. To our
surprise hansters tolerated high PK concentration intracerebrally

i nocul ated nuch better than the PK inhibitors. On the other hand,
PMSF coul d be added to the sanple dedicated to the detection of
PrP° since this was not inoculated into aninals.

Choi ce of infected plasma for titration: This was al so an issue

t hat set us back several nonths. We had initially decided to use an
i nfected plasma pool prepared in our |aboratory 3-4 years ago. This
was the pool used for the pilot tests and it seens at the tinme a
sui tabl e pool to use. However, after |ong discussions with Dr.
Rohwer it was decided that it was too risky to use that plasma pool
because infectivity had never been neasured and nothing is known
about the effect of storage on endogenous plasma infectivity. As a
consequence, a fresh pool of infected plasma was produced. 140
hanmsters were inoculated intracerebrally with scrapie and 120 days




|ater they were bled to produce approximately 200 m of fresh
infected plasma. This plasma was used for the study described
bel ow.

Specific aim3 — Tasks 1 and 4

The PK conditions for endogenous plasma PrP'®® cannot be determ ned
as PrP'®® cannot be detected. Using the surrogate brain-derived
PrP'®® is not appropriate since the PK conditions are different (see
above). Therefore, we proposed to neasure the plasma infectivity
remai ni ng after PK digestion using the ani nal bioassay. Assum ng
correl ation between infectivity and PrP'®®, this study will indicate
the appropriate PK conditions to digest PrP° and not PrP'®s. Prp'®®
is tracked by titration of endogenous infectivity and digestion of
PrP° is verified with the ORI GEN assay. To inprove the PrP° assay
sensitivity an aliquot of the PK-treated plasnma was m xed with the
3F4 immuno affinity resin. The resin captures PrP° and inproves the
assay sensitivity of ~ 10-fold. The study assay design is in Figure
1

Figure 1 Titration
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Based on pilot tests, 3 concentrations of PK, 50 ug/m, 200 ug/m
and 500 ug/m were selected in addition to no PK as the control.
Those concentrations were chosen because they consistently showed
di gestion of PrP° to bel ow the detection of the assay. The question
was under these conditions of PrP° degradation, which PK
concentration has no effect on infectivity? Since in this study we



assune that reduction of infectivity inplies degradation of PrP°®,
that condition with no change in the infectivity will be selected
aa the assay condition for PrP® detection in plasma. The PK

di gestion condition on titration was with the reaction incubation
at 37°C for 4 hours. A control with nornal plasma incubated as the
experimental sanples was included together with the titration of

t he plasma pool that had not been incubated. The details of the
ani mal bi oassay are bel ow.

Al t hough only five titrations could be conducted we consi dered
anal yzing sanples at different time points and also to include
addi tional PK concentrations. These sanples were only investigated
for the concentration of PrP° with the 3F4 capture and the ORI GEN
Anal yzer detection. The results of this analysis are reported in
Figure 2.
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The figure represents the log of S/B (signal/background) versus
ti me. The background was cal cul ated using a PrP-depl eted plasnma
sanple. S/IB =1 indicates that the sanple has a signal equal to
t hat of background. W al so found cases in which the signal was
bel ow t he background (S/B <1), this was interpreted that the PK
di gestion renoved conponents in plasma that were responsible for
t he background. Both sanples w thout PK (normal and infected

pl asma) showed no signal reduction over the 4 hours incubation
time. As the concentration of PK increased the digestion curve
becane steeper and PrP° was digestion quicker. These results are
consi stent PK digestion of PrP° occurring in a time and
concentration dependent. The three conditions titered with the
bi oassay (50 200, 500 ug/m ) showed an unexpected result. In
previous pilot tests, all three conditions indicated PrP°



degradation to the limt of detection of the assay (S/B <1).

However in this particular test, only 500 ug/m PK was bel ow t he
S/ B threshold and 200 ug/mM PK barely reached that threshold at 4
hours tinme point. 50 ug/m was slightly above the limt at all tine

poi nts suggesting that |low level of PrP° may still be present in
this sanple. If 50 ug/m of PKis the only condition to show no
reduction of infectivity, the interpretation will be that PK is not

a suitable nmethod of discrimnation between plasnma PrP° and PrP'®®
since the sensitivity of the two proteins to PKis too close to be
separ at ed.

Ani mal Bi oassay

Endogenous plasnma infectivity can be neasured with the limting
dilution method in which 5 nl of sanple is distributed into 100
animals (50 ul per animals) by intracerebral inoculation. This

nmet hod has been used extensively in our |aboratory for those
sanples with extrenely lowtiters such as bl ood, bl ood conponents
and urine. Table 3 shows the summary of the various titrations and
t he nunber of animals inocul ated per each sanple. This study wll
be on going for at |east 540 days post inocul ation.

Table 3

g?;gﬁ; Scrapi e plasma
PK ug/ m 0 0 0 50 200 500
treat ment 370C -800C | 370C 370C 370C 370C
;’g;ggﬁd (my| 53 5.2 5. 4 5. 25 5.5 4.5
AR S 106 104 108 105 110 90

The incubation tine is 115 days post inocul ation.

Key research acconplishnents

e W have neasured the infectivity titer of urine excreted by
scrapi e infected hansters.

e The pre-clinical urine is still on titration but shows no
t ransm ssi on.

e The neasurenent of the titers of kidney and bl adder from
infected hansters is conpleted including confirmation with
Western bl ot.

e The titration of PK treated infected hanster plasm was
started and i s on going.

e W have generated a val uable PK digestion matrix in which



endogenous plasma PrP° digestion is assayed as a function of
tinme and PK concentration.

Report abl e out cones

Invited presentation at the Prion2006 Meeting in Turin. Title:
Infectivity in urine of hansters infected with scrapie and
i nplications on nechanisns of horizontal transm ssion.

Invited presentation at the European Medicinal Agency, TSE Expert
neeting, London July 2007. Title of the presentation: “Infectivity
in urine of hanster infected with scrapie”.

Gregori, L., Rohwer, R G, 2007. Characterization of scrapie-
i nfected and normal hanster bl ood as an experinental nodel for
TSE-i nfected human bl ood. Dev Biol (Basel) 127, 123-33.

Ham r AH, Kunkle RA, Bulgin M Rohwer RG Gegori L, R cht JA
Experinmental transm ssion of scrapie agent to susceptible sheep
using intralingual and intracerebral routes of inoculation. The
Canadi an Journal of Veterinary Research

Accepted for publication.

Concl usi ons

The research program was del ayed due to issues with the PK
digestion and the toxicity of PK inhibitors. Those probl ens have
been addressed and solved. W did not encounter other problens that
required revision of the proposed studies. W started a |arge

bi oassay study to determ ne the PK concentration that renmove PrP°
tothe limt of detection of the biochem cal assay and maintains
intact the infectivity. Those conditions will be used to digest PrP
fromlarge volune of infected plasma for PrP'®® detection. W have
confirmed that all three PK conditions currently under
investigation with the bioassay have renoved PrP°. W are now
waiting for the results of the bioassay.

Qur studies of urine have now concl usively denonstrated that this
bi ol ogical fluid contains | ow but detectable |levels of infectivity
and urine is a suitable target for a TSE assay. The current
infectivity nmeasurenent in the pre-clinical assay is indicating no
transm ssions. There are issues with the urine dilutions and this
result requires further investigations.
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